Abstract. The fruiting ecology of Osyris quadripartita (Santalaceae), a hemiparasitic evergreen shrub, was studied over a 4-yr period in a Mediterranean scrubland of southern Spain. In addition to describing the natural history of seed dispersal in this species, objectives of the study were (1) to document patterns of individual and annual variation in seed-dispersal-related traits (fruit characteristics, crop size, fruiting phenology); (2) to determine the consequences, in terms of dispersal success, of individual variability; and (3) to examine the significance, in terms of differential reproductive output, of individual variability in dispersal-related attributes, in an attempt to evaluate the evolutionary potential for modification of these traits. In this species during the 4-yr period considered, dispersal-related traits, although relevant to dispersal rates, were unrelated to individual differences in fitness because dispersal rates were irrelevant to fitness.
INTRODUCTION
vertebrate attributes related to seed dispersal or fru-
In recent studies of the ecology of seed dispersal by givory were subsequently interpreted as adaptations vertebrates it is explicit or implicit tha? there is a po-that directly reflected coevolution (e.g., Howe 1977 , tential for evolutionary change in the participants in Howe and Estabrook 1977, Stiles 1980, Herrera 198 1, this mutualistic interaction. This attitude may be traced 1982). Recent studies of plant-disperser interactions, to the seminal contributions of Snow (1965, 197 1) and and numerous arguments oppose the earlier, overly McKey (1975) . In this context, a variety of plant and "optimistic" view of mutual plant-disperser evolutionary adjustment (Janzen and Martin 1982 , WheelManuscript received 2 January 1986 : revised 4 May 1987 wright andorians 1982 wright andorians , Herrera 1984a wright andorians , c, 1985a wright andorians , 1986 accepted 18 May 1987. Howe 1984, Wheelwright 19856 ). The present study I is an attempt at critically evaluating the evolutionary potential of a plant-disperser interaction based on the analysis of patterns and consequences of individual variation in dispersal-related attributes (fruiting phenology, crop size, fruit characteristics). Individual variation in net reproductive output as a direct consequence of dispersal-related traits is a necessary (albeit not sufficient) requisite for adaptive changes in these attributes to take place. Previous studies have documented individual variation of dispersalrelated traits in populations of vertebrate-dispersed species (e.g., Howe and De Steven 1979 , Howe and Vande Kerckhove 1979 , 1981 , Howe 1980 , Herrera 1984c , Courtney and Manzur 1985 . Sometimes this variability correlated with differences in seed dispersal rates, and was used to support the notion that dispersal agents might have a selective influence on dispersal-related plant traits (and hence the evolutionary potential inherent to the plant-disperser interaction). In general, these studies, both field and theoretical (e.g., Howe and Estabrook 1977) , failed to recognize the essential difference between the relative dispersal success associated with a given character state of a particular trait, and the success of the individual bearing it. Large fruits, for instance, may be at a relative dispersal advantage compared to small fruits, but it does not necessarily follow from this observation that large-fruited individuals ultimately derive a net reproductive advantage over small-fruited ones from having large fruits. The (proximate) success of a character state of a dispersal trait (relative to other character states) may not be construed as responsible for ultimate success of the individual exhibiting it, unless differential dispersal success of individuals due to variation in that trait actually translate into differential contributions to the population's realized reproductive output. Obvious as this may appear, the above misinterpretation has plagued evolutionary approaches to reproductive plant ecology, and it has been recently pointed out (although in slightly different terms) for phenological and pollination studies by Schmitt (1 983), Zimmerman (1 984) , and Zimmerman and Gross (1984) .
The present study not only examines individual variation in dispersal-related traits and how this influences seed dispersal, but also attempts to find out if dispersal variability actually explains individual differences in net seed output. 0. quadripartita is particularly well suited to examine the relation between reproductive output and dispersal-related attributes, because it exhibits extreme levels of individual variation in a variety of dispersal traits.
Osyris quadrrpartita (Santalaceae) is an evergreen, root hemiparasitic, dioecious shrub up to 3 m in height occurring in a variety of Mediterranean-type scrublands. Its range includes the Canary Islands, northwest Africa, and the Iberian Peninsula (Jahandiez and Maire 1932 , Qukzel and Santa 1962 , Bramwell and Bramwell 1974 , Jalas and Suominen 1976 . In Iberia, the species is almost restricted to coastal areas south of 40" N, where it mostly occurs as small disjunct populations on sandy soils. The northern limits of its distributional range closely coincide with the 10°C mean January isotherm and the 350-d frost-free isoline. In southern Spain, 0 . quadripartita parasitizes evergreen and summer drought-deciduous shrubs of many species (C. M. Herrera, personal observation; see Ferrarini 1950 for the congeneric 0 . alba). General phenological patterns (Herrera 1984b ) and the predispersal reproductive biology of females (Herrera 1985 b) have been described, and further details on the species' natural history may be found in J. Herrera (1985) . The flowering period lasts for nearly 6 mo (March-September) for females and nearly the entire year for males, with a peak in May-June for both sexes. The interval between anthesis and fruit ripening is quite variable (range 13-54 wk), due to within-plant variance in developmental rates. As a consequence, ripe fruits are produced throughout the year, with a major peak in winter and a minor one in spring. The growth season encompasses the period November-August for females and virtually the entire year for males.
An individually marked population of 0. quadripartita was intensively studied from October 1978 through April 1984 in a 3.5-ha plot in dense Mediterranean scrub on nearly level terrain near El Viso del Alcor (Sevilla Province, southern Spain, 37'26' N, 5"45' W) , at 100 m elevation. 0 . quadripartita accounts there for 6.1% of the woody plant cover. Details on the composition and ecology of vegetation at the site may be found in Herrera (1984a) , and general descriptions of the region in Anonymous (1962) and Ministerio de Agricultura (1975) . Climate is of the warm Mediterranean type. Average annual precipitation (A'= 43 yr) is 6 13 mm. On average, 76.4% of the annual precipitation falls in the period October-March. Mean monthly temperature of the coldest (January) and hottest (July) months are 10.5" and 26.8"C. The severe summer drought is the dominant stress on plants at the site. Winter cold stress is unimportant (Montero and Gonzilez 1974, Herrera 1 9 8 4~) .
Fruiting phenology was investigated by means of regular observations (at intervals of 1-4 wk, usually 2-wk intervals) on 27 marked female shrubs (vandals damaged 3 plants and these were omitted from some analyses). Height, average diameter of vertical projection, and distance to the nearest reproductive male individual were measured for these plants. In this paper, phenological data for the period 9 April 1980-9 April 1984 (97 observation dates in total) were used. On each observation date, numbers of intact and damaged ripe fruits on the plants, and fallen fruits, were recorded. Damaged and fallen fruits were always re-moved to avoid duplication in subsequent counts, as these fruits ordinarily remain undispersed and may persist for long periods. Removal of some fruits by ants or rodents between consecutive sampling dates might have reduced fallen fruit estimates. Nevertheless, fruits experimentally placed on the ground beneath plants at various times of the year had an average persistence exceeding the average interval between fruit counts; thus the effect of missing fruits on the results is probably negligible. When plants were in bloom, the number of open flowers was estimated for each individual in 198 1, 1982, and 1983 . Only the length of the flowering period was recorded in 1980.
In 1980 and 198 1, I periodically measured the diameter of ripe fruits on and beneath the study plants, and recorded their condition (intact or damaged). Samples of ripe fruits were collected at various times of year from study individuals and 10 plants not considered in this study to obtain statistics for fruit mass components. For these fruits I recorded, in addition to diameter, the wet mass of pulp, seed, and whole fruit. Four large samples of ripe fruits were collected from unmarked plants in March, May. October, and December in 1979 and . Fruits were dried at 40" to constant mass, and pulp samples were prepared for chemical analyses. Soluble carbohydrates, neutral-detergent fiber, protein, lipids, and ash content were determined (methods as described in Herrera 1987) .
0. quadr~partita is bird-dispersed. Information on local avian frugivores was gathered during 1978-1 982. Bird were trapped with mist-nets (total effort 1804 nethours, nets operated on a total of 40 d). Feces obtained from the birds were examined (macro-and microscopically) to determine diet composition, with particular attention paid to the fruit component. Seeds and skins present in feces were used to identify fruit species. Further details on methods and a detailed account of avian frugivory and seed dispersal at the community level in the study locality may be found in Herrera (1 984a) .
The number of ripe fruits produced, hence actual crop sizes and fruit ripening rates, could not be determined for study plants because numbers of unripe fruits were not counted. Instead, numbers of fruits recorded on observation dates were used as the raw material for all analyses. For comparative purposes, using standing crop data as indirect estimates of fruit production is a valid procedure for 0. quadripartita in the study locality, as supported by two independent lines of evidence. (1) In 1978 (1) In -1979 , detailed observations were conducted on the fruit production rates of a subset ( N = 12) of study plants, based on regular bi-weekly counts of ripe and unripe fruits on marked stems. It was possible to determine the number of ripe fruits actually produced in the dates preceding the count, along with the instantaneous standing crop. For all plants combined, there was a strong positive correlation between these variables (r = 0.852, N = 12, P = .0003), indicating that standing crop size closely tracked fruit production rate. Separate correlations for individual plants were similarly significant, as were correlations across plants for different time periods. (2) For six plants intensively studied in 1980-1 98 1 (Herrera 1985b) , an almost perfect correlation existed between the estimated total number of ripe fruits produced by the plant over the whole season and its annual average standing crop (r = 0.9992, N = 6, P < .0001).
Descriptive statistics for circular distributions ("circular statistics" hereafter) have been used to characterize fruiting phenology and related traits quantitatively. More usual methods are unsuitable in cases such as this in which there is neither a beginning nor an end of the fruiting activity in the population that may be used to locate the zero point for the reference time scale. Phenological data have been treated as circular frequency distributions with data grouped at 30' (= 1-mo) intervals. Computations and statistical tests are based on Zar (1984) . There was some variation in the number of fruit counts conducted per calendar month (range 6-1 1, all years combined), and this could introduce some bias if raw count data were used in the analyses. For this reason, and unless otherwise stated, all analyses below are based on average monthly figures, obtained after grouping count data by month.
Fruiting phenology Individual variation. -Most individuals produce fruits throughout the year (Fig. 1) . Most plants have two fruiting peaks in the year, generally in spring and autumn-winter. For most plants (N = 14) the spring peak was lower, for three the two peaks were equivalent, and for three the major peak was in spring. The remaining plants (33%) exhibited a single fruiting peak that occurred in autumn-winter. These phenological classes are quite broad and do not describe the virtually continuous gradation that occurs in the population.
Mean angle (a, measuring central tendency) and mean vector (r,, measuring concentration) were obtained for each average fruiting cycle in Fig. 1 . The centers of the fruiting period (CFP) of individual plants, as estimated by back-transforming mean angles to dates, occurred in May (two plants), and from September through March. Statistics for r, (zv+ SD = 0.58 + 0.14, N = 27, range = 0.25-0.81) also denote broad variation in the levels of seasonality (r,, theoretical range is 0-1).
Annual variat~on in fruiting phenolog).. -Annual variation in fruiting phenology was examined by obtaining the circular statistics n and r, for individual plants (using monthly average fruit counts) in each of the four complete annual cycles studied. In these analyses, 9 April was used as the starting point for cycles. This procedure does not affect results, yet it has the advantage of dividing counts exactly into four 1-yr periods, and will be used throughout this paper. The first three seasons were not significantly heterogeneous in mean d (F = 0.42, df = 2, 69, P = .66 1, Watson-Williams test). Back-transforming mean d to dates, the mean CFP's for the population were 15 October (1980 -1981 ), 27 October (1981 ), 6 November (1982 ), and 6 April (1983 .
The significant change in mean CFP for the population in 1983-1984 was due to a modification in the seasonal behavior of a substantial fraction of the "autumn-winter" plants (Fig. 2) . Among the 21 plants predominantly fruiting in autumn-winter in [1980] [1981] [1982] [1983] 12 shifted to predominantly spring fruiting in [1983] [1984] . The three plants predominantly fruiting in spring in 1980-1983 continued to do so in 1983-1984 . Thus some individuals vary with regard to interannual constancy in fruiting schedules. The difference between extreme annual values of CFP for individual plants over 1980-1984 ranges from 0.3 to 5.3 mo (the upper limit of this statistic is 6 mo). The frequency distribution of these differences does not depart from a uniform distribution (chi-square = 1.00, df = 5, P = .962). All the possible degrees of interannual variability in CFP are thus represented, and in similar proportions, in the study population.
Crop size Individual and annual variation. -For all years, frequency distributions of "annual average standing crops" (ASC hereafter) are strongly skewed to the right (Fig.  3) (ASC = the mean value of monthly averages for standing ripe fruit counts in a given year). The number of ripe fruits (averaged over a year) was very small for -1981-1982-1983-1981 1982 1983 198L ANNUAL CYCLE FIG.2. Annual variation in the center ofthe fruiting period (CFP) of Osyrls quadripartita study plants. Each line corresponds to a single individual. CFP for each plant was estimated by back-transforming to a date the mean angle of the circular distribution of fruiting events. the majority of individuals, with a few plants having substantially greater standing crops. Medians of distributions are 5.4 (1980-1981): 3.9 (1981-1982), 7.4 (1982-1983) , and 1.9 (1983-1984) fruits.
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There was significant interannual heterogeneity in ASC (H = 17.78, df = 3: P = ,0005; Kruskal-Wallis test). Paired comparisons of annual cycles demonstrate that the 1983-1984 season differed significantly from each of the three preceding ones considered individually ( P < .02 or better). ASC was not significantly heterogeneous among the first three seasons (H= 3.55: df = 2, P = .169). Average standing crops thus decreased significantly in 1983-1 984.
Interindividual differences in ASC remained consistent from year to year. Extreme ASC values were consistently exhibited by the same plants (Fig. 3) . For all possible between-year painvise contrasts, there was significant rank correlation between the ASC's of individual plants in different years (r, = 0.624-0.873, N = 27 in all cases, P < .001 or better). Although absolute ASC values fluctuated between years, crop size of a given plant relative to others in the population tended to remain invariant. 1980-198 l) , and distance to the nearest reproductive male plant (DNM). These were used as independent variables, and standing crop size (ASC) as the dependent one, in multiple stepwise regression analyses. Separate regressions were run for the 1981-1982, 1982-1983, and 1983-1984 data, and for the 4-yr average figures. N o analyses could be performed on the 1980-1 98 1 data due to missing N F L values. N F L is the first significant variable entering regression equations for the [1981] [1982] [1982] [1983] : and 4-yr average data sets, and the second variable entering the 1983-1984 regression ( Table 1 size in two out of three years. The contribution of NFL to R2steadily declined from 198 1-1 982 (0.636) through 1982-1983 (0.188) to 1983-1984 (0.098) , indicating that the variance in ASC explained by flower number was variable over the study period. With the exception of 198 1-1982 , the predictive value of the independent variables considered here (as judged from R2) is fairly small: thus variables not included here are responsible for most individual variation in ASC.
Individual differences in plant size, as estimated by either AD or PH. have very little or no influence on differential crop sizes. In all data sets, AD and PH are not correlated (P > .05) with either NFL or LFL. The total number of flowers, and eventually fruits, produced by a plant is therefore not significantly related to its size.
Correlates of annual variation. -Despite the significant annual variation in crop size shown earlier, flower number (NFL), the variable most closely related to ASC: did not change among years (H = 1.69, df = 2, P = ,429; Kruskal-Wallis test, 1981 . This suggests that annual variation in crop size depends more on the proportion of fruits initiated than on the number of flowers produced.
The most critical phase in fruit development is the rather abrupt transition from the 3 m m diameter ovary to the much larger unripe fruit; most developing fruits go through this developmental phase during the summer drought (Herrera 1985b) . Correlations were run with all 4 yr combined, between total rainfall in the period July-September and the mean ASC for the population in the subsequent season. Correlations for both untransformed (r = 0.978. P = .024) and log-transformed (r = 0.989, P = ,009) data are statistically significant. Variation in summer rainfall, through its influence on fruit development. explains much of the annual variation in ASC at the population level.
The ripe fruit Size, structure, andchemical composition. -The fruits of 0.quadripartita are nearly spherical one-seed drupes, which, when ripe, range in color from light yellowishorange to red. Color variation is mainly associated with season of ripening; spring and summer fruits tend to be redder. The diameter of ripe fruits ranged between Pulp mass (PM) was linearly correlated with seed mass (SM) (regression equation P M = 2.150SM -0.0037; r = 0.760, N = 527, P < .001). Seed mass (cv = 33.7%, S E , , = 1.1%) was less variable than P M (cv = 45.9%, S E , , = 1.7%). Variation in P M explains 96.8% of variance in total fruit mass (r = 0.984, N = 527), while seed mass explains only 74.5% (r = 0.863, N = 527). Variation in pulp mass explains 90.3% of variance in fruit diameter (r = 0.950, N = 527). while seed mass explains only 64.2% (r = 0.801, N = 528). Variation in the amount of pulp per fruit was therefore more directly responsible than variation in seed size in accounting for observed variation in fruit size. Furthermore, fruit size, as estimated by its diameter, was a very reliable predictor of internal structure, and particularly of the absolute mass of pulp. (All the preceding correlations and regressions were run on untransformed data. Logarithmic transformation of mass variables did not significantly improve R 2 in any case.)
Water represented, on average. 78.4% of fresh pulp. The dry pulp was mostly "soluble" carbohydrates (77.6 i 2.6% dry mass, N = 4). Protein (7.1 i 0.9%, N = 4), ash (6.6 t 0.9%, A'= 5), neutral-detergent fiber (6.2 i 2.1%. A' = 4) and lipids (2.2 i 0.8%, N = 4) were relatively minor constituents (samples for analyses collected at different times of year). Relative to the pulp of an "average" southern Spanish fleshy fruit (Herrera 1987) . the pulp of 0. quadripartita is comparatively rich in protein and minerals, and poor in lipids.
Individual variation. -Individual plants differed greatly in fruit characteristics. One-way analyses of variance demonstrate highly significant interindividual differences for all variables considered (P < ,0001).
Mean fruit size tended to be more constant among plants than either seed or pulp mass. Average fruit diameter of individual plants ranged between 6.1 and 9.3 mm (cv = 10.7%, SE,, = 1.3%), seed mass between 49 and 146 mg (cv = 25.6%, S E , , = 4.0%), and pulp mass between 100 and 343 mg (cv = 32.0%, S E , , = 5.2%) (Fig. 4) . Individual differences in the amount of pulp mass per fruit explain 96.8% of variance in fruit mass (r = 0.984, N = 23), whereas seed mass explains only 77.8% (r = 0.882, A' = 23).
Plants differed significantly in the relative amounts of pulp and seed biomass in individual drupes, as demonstrated by covariance analysis of the 23 regression equations relating pulp to seed mass for individual plants (F= 1 1.65, df = 22,503, P < .0001). Regression slopes range between 0.69 and 6.89: indicating broad individual variation in the amount of pulp allocated to a seed mass unit. This variation is independent of individual differences in average seed mass. The pulp/ seed mass balance may favor either pulp (regression slope > 1) or seed (slope < 1) mass.
Seasonal variation. -The size of fruits, and the mass of their component parts, varied seasonally (Table 2) (analysis of variance; P < .0000 1 in all cases). Monthly averages for fruit diameter, the variable most thoroughly sampled. ranged between 6.8 and 7.7 m m (Table 2). Fruits ripening in winter (January-March) tend- Table 2 ). An analysis of mass ratio. covariance demonstrates significant heterogeneity Seasonal variation in fruit characteristics may result among the regressions (F = 33.98, df = 3, 509, P < from differential fruit features of plants differing in .0000 1). The amount of pulp per unit seed mass tended fruiting phenology, or from intra-plant variation in the to be lowest in November and January, highest in Oc-characteristics of fruits produced at different times of year. Similarly, individual differences reported in the preceding section may be an indirect consequence of different fruiting phenologies being associated with different fruit characteristics. To separate the influence of seasonal and individual variation, two-way analyses of variance were conducted using plants and seasons ("spring" and "autumn-winter") as categorizing factors. Only the 10 individuals with sufficient seasonal data were used. Separate analyses were conducted for fruit diameter, fruit mass, pulp mass, and seed mass.
The four analyses yielded highly significant results ( P < .00001) for both plant and season factors, and for the plant x season interaction. This demonstrates that (1) there was within-plant seasonal variation in fruit characteristics; (2) individual differences found were not an indirect consequence of fruiting phenologies; and (3) there was significant interplant heterogeneity in the pattern of seasonal change in fruit characteristics.
Annual var~atzon.-There was significant annual variation in fruit size for the fruits produced in some months, but not for others. Comparative fruit diameter data were available for May, October, and November of 1980 and 198 1 (N= 221 1 fruits). A two-way analysis of variance (year x month) indicates that, in addition to the month effect, the year (F = 82.89, P < .0001) and interaction ( F = 14.65, P < .0001) effects are also highly significant. In all months considered here, average fruit diameter decreased from 1980 to 198 1, significantly so in October (7.7 1 and 7.12 mm) and November (7.3 1 and 6.88 mm), but not in May (7.74 and 7.69 mm).
Annual variation in average fruit size of single plants could be examined for eight individuals (N= 802 fruits). Two-way analysis of variance (year x plant) of fruit size reveals a significant interaction effect (F = 3.18, P = ,0025) (in addition to the significant year and plant effects). Individuals thus differ in patterns of annual variation. Mean fruit diameter did not change between years in three plants (t tests, P > .20 in all cases), and decreased significantly from 1980 to 198 1 in five individuals ( P < .01).
The .fate o f ripe .fruits. -A ripe fruit may either be ingested by an appropriate seed dispersal agent or not. At the study site there were three major reasons for a ripe 0 . quadripartlta fruit not to be eaten: (1) destruction or serious damage by invertebrates and/or rot; (2) falling to the ground, or being seriously damaged (e.g., pulp partly removed) as a direct consequence of handling by frugivorous birds; and (3) desiccation of the pulp before a frugivorous bird found it.
Invertebrates that damage ripe fruits include the cydnid bug Sehirus melanopterus, ants (including Aphaenogaster senilis, Plagiolepis pygmaea and Formica sp.), the tettigoniid grasshopper Odontura spinulicauda, and unidentified species of acridid grasshoppers and microlepidopteran larvae. The grasshoppers feed on pulp and seed, while all the others eat only the pulp. The activity of pulp-feeding species is generally followed by the rapid deterioration of the remaining pulp (desiccation in summer, rot at other times). Frugivorous birds may damage ripe fruits by (1) removing some pulp or skin during unsuccessful attempts at removal; (2) accidentally dropping them during manipulation; or (3) actively rejecting them. Ripe fruits beneath plants often exhibit characteristic "beak marks" (Manzur and Courtney 1984) suggestive of rejection. Fruits on the plant eventually dry up (summer) or rot, while dropped or rejected fruits commonly are fed upon by ants (mostly in spring-summer) and rodents.
Seed dispersal: general patterns o f avlan frugivory
At the study site, seeds of 0 . quadripartita were dispersed by eight species of frugivorous birds, which ate 
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All* Ratio the ripe drupes and defecated or regurgitated the seeds intact (Table 3) . These included two year-round residents (Turdus merula, SJ;/I,I~ melanocephala), two fall migrants (Sylvia communis, F~cedula hypoleuca), two spring and fall migrants (Phoenicurusphoenzcurus, Sylvia borin). and two overwintering species (Erlthacus rubecula, Sylvia atrlcapilla). Size extremes were represented by the 12-g body mass of S. melanocephala (average mouth width 7.1 mm) and the 85-g T. merula (mouth width 13.4 mm). The remaining species fell between 15.5 and 19.0 g body mass (mouth 7.9-8.6 mm). T. merula, S.atricapllla, and S.borzn were the species that most often included 0.quadrlpartzta fruits in their diets. as judged from frequencies of occurrence in fecal samples (25.0-36.7%, all months combined, Table 3 ). The frequency of 0. quadripart~ta fruits in the diet of a bird species is not correlated with the proportion of fruits in the diet, all plant species combined (r = 0.573, A' = 8, P = .138), which undoubtedly reflects the feeding preferences of the various species. The ratio of the frequency of 0 . quadrzpartita fruits to all fruit species may be used as a rough indication of this preference (Table 3 ). This ratio is greatest for T. merula, S. atricapilla, and S. horin. The proportional contribution of 0.quadripartita to the total number of fruits ingested is also greatest for these species (3 1.8, 13.3 and 18.6O/o of fruits, respectively; Herrera 1984a: Table 4 ).
Fruits of 0. quadripartita were eaten by birds throughout the year (Table 3) . At least two species were locally present, the number increasing to 7-8 species in September-October. The abundance of dispersers experienced strong seasonal variation, with a marked maximum in N ~ ~ and a minimum in A~r i l -J u l~ abundance (Fig' and consumption of 0.quadri~artita fruits did not vary synchronously in the course of the year (r = 0.462, N = 12, P = .13 1). The frequency of 0. quadripartita fruits in bird feces was highest in January-February (22.6-32.6%) and, with the exception of August, remained relatively stable around moderate values (10.9-19.2%) for the remainder of the year (Fig. 5B) . As the number of fecal samples per species and month virtually coincided with the number of captures, monthly values for the overall frequency of 0. quadripartzta occurrence (all bird species combined) approached a weighted mean. The product of disperser abundance and the overall frequency of occurrence may therefore be used as an index of 0. quadripartzta consumption intensity (CI) by the disperser assemblage (Fig. 5C) . CI is highest in January-February, and lowest in AprilAugust. A "high-demand" (September through February) and a "low-demand" (March through August) phase may clearly be distinguished in the annual cycle (Fig. 5) .
Dispersal .failure
In addition to intact fruits (no apparent sign of deterioration), "spoiled" (=dry + rotting + bird-damaged + invertebrate-damaged ripe fruits borne on the plant) and "fallen" (=damaged + undamaged + beakmarked fruits lying on the ground under the plant) fruit categories have been considered in the analyses below. Categories had to be pooled because often it was difficult to attribute dispersal failure to a particular cause (e.g., the aspect of fruits with the pulp partly removed by ants is often similar to that of some bird-damaged fruits). Total fruits "lost" are obtained by summing fallen and spoiled fruits.
Seasonalpatterns: absolute fruit numbers. -Circular statistics (r,, d) were obtained for the temporal distributions of spoiled, fallen, and lost fruits of individual plants in each annual cycle (Fig. 6) . Individuals differed markedly with regard to central tendency (d) in the occurrence of fruit categories. In any given year, extreme plants could differ by as much as 6 mo in the mean date of occurrence of spoiled or fallen fruits, although most individuals fell within a relatively narrow 3-4 mo range.
For each of the first three seasons, there are no statistically significant differences in mean population d among spoiled, fallen, and lost fruits (Watson-Williams test, P > .65 in all cases; Fig. 6 ). , the mean population d values for spoiled (September) and fallen (February) fruits do differ significantly (F= 54.53, df = 1, 39, P < indicative of different seasonal courses of these two fruit categories at the population level.
There is significant heterogeneity among years in mean population d for spoiled ( F = 4.83, df = 3, 103, P = .0037), fallen ( F = 13.27, df = 3, 84, P < .0001), and lost ( F = 9.09, df = 3, 97, P < .0001) fruits (Fig.   6 ). The 1981 seasons did not differ significantly, and both differed from either 1980-1981 or 1983-1984 . The latter two seasons differed significantly. For most plants, fruit losses were highest in December-January in 1980-1 98 1, November (1 98 1-1982 and 1982-1 983) , and September (spoiled) or February (fallen) in [1983] [1984] . In this latter season, the mean date for lost fruits occurred in late July (Fig. 6) .
Seasonal patterns of fruit loss were not consistently related to temporal variation in standing crop sizes. In 1981-1982 and 1982-1983 , mean population d values for number of lost fruits and standing crop size are statistically indistinguishable ( P > .95), while they differ significantly in 1983-1984 ( F = 5.01, df = 2, 44, P = .O1 l), and marginally in 1980-1981 ( F = 3.30, df = 1, 39, P = .08). In these two seasons, mean rl for lost fruits (July and January, respectively) lagged behind the corresponding value for standing crops (April and October) by -3 mo.
Seasonalpatterns: proportions. -The proportions of spoiled and fallen fruits relative to the total number of fruits present changed seasonally (Fig. 7) . Fallen fruits were less abundant than spoiled fruits. They tended to be most abundant in autumn-winter. and least abundant in spring-summer, but there was strong annual variation. The proportion of spoiled fruits fluctuated seasonally and among years (Fig. 7) . Peaks could occur any time of year. June and September peaks were the most predictable, occurring in three out of four years. In general, these data indicate that fruit losses at the population level varied unpredictably. Although the FRUITING ECOLOGY OF OSYRIS QC'ADRIPARTITA seasonal distribution of (relative) fruit losses changed among years, average annual fruit loss did not change significantly (H = 1.83, df = 3, P = .6 1, for spoiled fruits; H = 1.24, df = 3, P = .74, for fallen fruits;
Kruskal-Wallis tests on monthly averages for individual plants).
Relation to fruit size.-During the period November 1980-May 198 1, the size of fruits spoiled on, and fallen beneath, study plants was recorded, in addition to that of intact fruits on the same individuals. Only fruits without apparent signs of desiccation (which would reduce size) were measured. Although the data refer to a relatively short period, they reveal significant size heterogeneity among the three groups (F= 18.50, df = 2, 2443, P < .0001). Average diameter increases from intact (7.1 1 t 0.72 mm, N = 2282) through fallen (7.33 t 0.69 mm, N = 122) to spoiled (7.70 k 0.76 mm, N = 42) fruits. The three possible painvise comparisons between groups yield significant results (P < .01, Student-Newman-Keuls test). As both fruit size and probability of damage varied seasonally, differential size of intact and damaged fruits could simply be an indirect consequence of largest fruits being predominantly produced at times of highest, and smallest fruits at times of lowest, damage probability. A twoway analysis of variance was performed on fruit diameter using fruit condition [intact vs. (fallen + spoiled)] and month as categorizing factors. Fallen and spoiled fruits were combined to obtain adequate cell sample sizes. Both the condition (F= 1 1.8 1, P = .0006) and month ( F = 9.20, P < ,0001) effects are significant, while the interaction effect is not. Observed differences in size of intact and lost fruits thus persisted after accounting for temporal variations in fruit diameter, and the nature of this difference did not change seasonally. The average lost fruit was larger than the average intact fruit in all months (November, 7.55 vs. 7.03 mm; December, 7.82 vs. 7.28 mm; January, 7.17 vs 6.95 mm; February, 7.09 vs. 6.87 mm; March, 6.90 vs. 6.77 mm; May, 7.98 vs. 7.68 
mm).
Relation with standing crop size.-The relation between proportion of spoiled fruits (PS, in %) and size of standing crop (SC)was examined using regression methods (PSas dependent variable). Actual count data, rather than monthly averages, were considered, excluding data points with SC or PS = 0 (to avoid increasing correlation coefficients artificially). Linear, exponential, and power functions were fitted to the data for all plants, months, and years combined (A:= 783 data points, each consisting of PS and SC for a single plant on a particular count date). The three functions vary greatly in the proportion of PS variation accounted for. The best fit is provided by the negative power function PS = 83.435 SC-O 5607 (rZ= 0.5358). Exponential (r2 = 0.2255) and linear (r2 = 0.1392) fits, although statistically significant, explain much smaller fractions of PS variation. The likelihood of damage to a ripe fruit is thus inversely related to crop size, and there is a disproportionate decline in the probability of damage to individual fruits with increasing standing crop size. This decline is particularly steep over the SC range most commonly occurring: increasing SC from 2 to 15 fruits decreases predicted PS from 59 to 21% (i.e., a fruit in a 15-fruit crop is expected to be spoiled one-third as frequently as one in a 2-fruit crop). The shape of the relation between PS and SC depends on time of year. An overall comparison of separate monthly linear regressions of log PS against log SC (to linearize power functions) demonstrates highly significant heterogeneity ( F = 203, df = 22, 759, P < resulting from differences in both elevation ( F = 20.1,df= 11, 770, P < 10-9)andslope(F= 301, df = 11, 759, P Regression coefficients are negative and statistically significant in all months, ranging from -0.227 to -0.831 (X k SD = -0.502 k 0.154, N = 12). Although there is not a well-defined seasonal cycle in the magnitude of regression coefficients, lower absolute values tend to occur in MayJuly, and higher absolute values in September-January. The disproportionate reduction in the rate of fruit spoilage resulting from increased crop size was thus less pronounced in the former period, more so in the latter.
Comparison of separate regressions for individual plants also reveals overall significant heterogeneity (F= 119, df = 54, 729, P < lo-'), due to individual differences in slope ( F = 4.15, df = 26, 729, P < and elevation ( F = 21 1, df = 26, 755, P < Regression coefficients are negative and significant for all plants, ranging from -0.204 to -0.980 (X i SD = -0.631 i 0.226, h'= 27). The decrease in PS with increasing SC thus takes place at broadly different rates in different individuals.
Individual and annual variation. -Annual averages for the proportions of spoiled and lost fruits were obtained for each plant (Fig. 8) . Medians of distributions fall around 10% (spoiled) and 15% (lost) of total fruits present. There is no significant interannual heterogeneity in any of these magnitudes (H = 2.5 1, df = 3, P = .47; H = 2.42, df = 3, P = .49; Kruskal-Wallis test, spoiled and lost fruits, respectively). Broad variation among individuals in average proportions of spoiled and lost fruits was present in the population in all years (Fig. 8) . Differences between individuals tend to remain consistent from year to year. Out of six possible between-year painvise contrasts, there are five (% spoiled) and three (% lost) significant ( P < .05 or better) positive rank correlations between the respective percentages for the same plant in different years.
Variabilitj-and seed output
It has been shown so far that broad individual variation in a diverse array of attributes was present in the 0. quadripartita population studied. These included fruiting phenology, crop size, fruit dimensions and proportions, and various parameters related to fruit damage rates. This section examines the degree to which variation in these features translated into differential relative contributions to the total reproductive output of the population (in terms of total seed numbers dispersed).
An estimate of the proportion of seeds contributed by each plant to the total of seeds dispersed (%SEED) was computed by summing monthly averages of intact fruits for each plant, and then dividing this figure by the total sum for the population. This magnitude (averaged over the 4-yr period), which is roughly proportional to a plant-specific weighting factor for realized reproductive output, has been used as a dependent variable. Independent variables considered are (4-yr data combined or averaged): (1) total fruit number (TFN), the sum of monthly averages for intact plus lost fruits; (2) rate of dispersal success (RDS), sum of intact fruits/TFN; (3) center of fruiting period (CFP), as defined earlier; (4) average mass of pulp per fruit (PULP); (5) fruit diameter (DIAM); (6) slope of the regression relating log percent spoiled fruit and log standing crop (SLOP); (7) On the basis of biological considerations and preliminary analyses of patterns of partial correlations, these variables have been linked into a hierarchical "causality" diagram (Fig. 9) . The strength of causality was then estimated for each elemental relation by running multiple stepwise regressions having as respective dependent variables those at the nodes of the diagram, and as independent ones those at the origin of arrows converging at the node. Results provided estimates of the proportion of variation accounted for (increase in R2)by each influential variable, holding the others constant. It must be noted that this method does not produce a "path diagram" in a strict sense (see, e.g., Sokal and Rohlf 198 I) , as variance proportions refer exclusively to the variable at the extreme of the arrow concerned. Analyses performed on the original and transformed data (proportions with arcsine, masses and TFN with logarithm) yielded identical results, and those for untransformed data are presented here. Similarly, correcting %SEED by average seed mass (multiplying by mean seed m a d s e e d mass of the smallest seeded individual) did not affect results.
Total fruit number (TFN) explains 96.9% ofO/oSEED variation, while rate of dispersal (RDS) accounts for a further 0.2%. Only 2.9% of %SEED variation remains unexplained by these two variables. Of the three de-pendent variables used in the regression for TFN, num- of TFN variation, while 49.3% remains unexplained. Finally, in the regression for dispersal rate (RDS), pulp mass (PULP) accounts for 2.4%, fruit diameter (DIAM) for 6.8%, regression slope (SLOP) for 8.8%, and average standing crop for 1 1.3%. Unexplained RDS variation amounts to 70.8%. As CFP values may not be reduced to a linear scale, this variable was excluded from regression analyses, and its significance evaluated by one-way analyses of variance (CFP as categorizing factor). Results were not significant for either RDS (F= 0.28, df = 3, 22. P = .84) or %SEED (F= 0.98, df = 3, 22, P = .42), indicating that fruiting phenology has no influence on these variables. Interannual consistency of the major patterns revealed by the above analysis was examined by running separate stepwise regressions of %SEED against TFN and RDS for each year. Proportions of %SEED variation explained by TFN (99.2, 98.4, 98.7, and 96.2%, 1980-1 98 1 through 1983-1 984, respectively) and RDS (0.5, 0.8, 0.4, 0.7%) remain unchanged from year to year. On the other hand, there are significant rank correlations between the %SEED'S of individual plants in different years for all possible painvise comparisons (r, = 0.580-0.880, N = 27, P < ,002 or better).
DISCUSSION

Indrvidual variabilitj~
The preceding analyses have shown broad individual variation in fruiting schedule, crop size, and fruit characteristics of 0. quadripartita plants. Extreme phenotypical variation is a conspicuous feature of annual root hemiparasites. Although most available evidence refers to morphological traits (Hambler 1958 , Smith 1963 , Yeo 1964 , Bobear 1969 , Karlsson 1974 , broad variability has also been reported for reproductive attributes (Salisbury 1942 , Atsatt 1970a , b, Atsatt and Guldberg 1978 . Studies on woody root hemiparasites are comparatively scarce, but these also reveal considerable intraspecific variability (Sedgley 1982 and the present study). Increased genetic diversity of hemiparasites relative to other plants seems effectively to account for increased phenotypical variation (Atsatt 1970a , b, Atsatt and Strong 1970 , Atsatt and Guldberg 1978 .
Phenology, crop size, and fruit characteristics of 0. quadripartita differed in the degree to which individual differences remained consistent from year to year. Annual variation in crop size was similar in all individuals, and is attributable to variation in summer rainfall, through its influence on latent ovary abortion rates. Although summer drought is characteristic of Mediterranean climates, small rains may have a disproportionate importance for many species that, like 0.quadripartita, enlarge or ripen fleshy fruits during the summer (see also Sala and Lauenroth 1982) . Annual variation in phenology and fruit characteristics did not affect all individuals similarly. Observed annual changes at the population level were presumably the consequence of some environmental change (e.g., crop reduction and phenological shift in 1983-1 984 dependent on an unusually long dry season; see Herrera 19846: Fig. 2) , and individuals seemed to respond differently to these changes. Crop size seems therefore a less plastic character than either phenology or fruit features. Individual differences in crop size were related to flower number (see also Herrera 1985b), which did not change among years. As plant size (height, basal diameter) was unrelated to either crop size or flower number (NFL, as defined earlier), this observation points to the existence of intrinsic individual differences in flower production. These reproductive differences may stem from genetic differences, host species, or most likely a combination ofthese (Atsatt 1970a, Atsatt and Strong 1970) .
Fruit characteristics seemed to be a particularly plastic feature in 0. quadripartita. Individuals differed greatly in average fruit size, seed mass, pulp mass per fruit, and proportion of pulp and seed biomass in individual drupes. Plants may produce either pulp-or seed-dominated fruits. Furthermore, superimposed on this general pattern of individual variation are significant within-plant seasonal changes, and interplant and interannual differences in the way fruit characteristics change seasonally. The final outcome is a highly unpredictable, temporally inconsistent pattern of indi-vidual variability in fruit features. Fruit diameter tends to be the least variable and pulp mass the most variable characteristic. Sedgley (1982) , discussing the high variability of the fruits of Santalum acuminatum (Santalaceae), a root hemiparasitic treelet from Australia, reported coefficients of variation between trees for fruit diameter (lO.lO/o), pulp mass (28.3%), and seed mass (27.2%) strikingly similar to those found here for 0. quadripartita.
Dispersal consequences of variable traits
At all times of the year, damaged fruits are significantly larger than intact ones; this is consistent with a lower dispersal probability for larger fruits. This effect may be attributed to decreased handling efficiency by birds as fruit size increases (Wheelwright 1 9 8 5~) .
Judging from the mouth width of the most common local frugivores, the dimensions of 0. quadripartita fruits fall near the upper limit of fruit size that they can swallow (see also Herrera 1 9 8 4~) .
On the other hand, as increased fruit diameter is mainly a consequence of increased pulp mass, greater probability of damage incurred by large fruits may also be related to increased attractiveness to pulp-feeding invertebrates. Most of these are infrequent fliers, or do not fly at all, and the few ripe fruits instantaneously available on a bush represent a patchy food resource that would be most efficiently exploited by selecting the individually most rewarding items.
The proportion of damaged fruits in a bush is related to standing crop size by a negative power function, with the decline in damage being particularly steep over the standing crop size range occurring most commonly. The relation holds for individual plants considered separately, and also for monthly data sets even though there is significant interplant and monthly variation in the rate of damage reduction with increasing standing crop. For a plant, likelihood of losing an individual fruit is negatively related to the number of ripe fruits instantaneously present.
Field studies in tropical and temperate habitats have often revealed positive linear or very weakly curvilinear relations between dispersal rates and crop size (Howe and Vande Kerckhove 1979 , Howe 1980 , McDonnell et al. 1984 , Courtney and Manzur 1985 . No study had previously reported a monotonically, exponentially increasing relation of dispersal rate and standing crop similar to that found here for 0. quadripartita. Of all plants studied to date, 0. quadripartita is the one for which increasing crop size produces the most disproportionate improvement in dispersal rate over as narrow a range of standing crop size.
The probability of damage to ripe fruits change between seasons, but there is no consistent pattern (between years) as to time ofdamage. The only discernible trends are a distinct increase in damage in summer, and a greater abundance of fallen fruits in autumnwinter. During the summer, lost fruits are almost entirely made up of spoiled fruits, which reflects the greater abundance and activity of insect frugivores (C. M. Herrera, personal observation). As fallen fruits are largely the consequence of foraging birds, their greater abundance in autumn-winter is consistent with greater numbers of avian frugivores (compare Figs. 5 and 7) . In terms of absolute numbers, fruit loss is not consistently related to the temporal variation in standing crop size. Seasonal variation of fruit losses was synchronous with that of intact fruits in two years, and lagged behind it by -3 mo in the other two. In conclusion, there is not a distinct seasonal pattern of fruit damage and it seems to change erratically between years. Accordingly, there is no apparent relation between a plant's fruiting phenology and the probability of dispersal of its seeds, except that summer-fruiting predictably results in greater relative (predispersal) seed losses. Although it has not been considered here, phenology-related variation in postdispersal seed success (survival and germination probabilities) might be important. Seasonal changes in seed predation risks could affect survival prospects of seeds dispersed at different times. Furthermore, coincidence of dispersal time with the autumn-winter rainy season might seem advantageous for germination, but 0.quadripartita seeds have a dormancy period lasting for 1 yr at least (C. M. Herrera, personal observation).
Summarizing, of the three factors considered, variability in crop and fruit size, did produce variation in dispersal success, while variability in fruiting phenology did not. A trade-off seems to exist between fruit size and number, since these variables tend to vary inversely across plants (r = -0.409, IV = 27, P = ,038).
On the gradient thus defined, plants producing large crops of small fruits are expected to have the greatest, and those with small crops of large fruits the least, dispersal success.
Correlates of realized reproductive output
The method used here to estimate realized seed output yields a comparative index of the proportional contribution of female individuals to the total seeds dispersed by the study population (%SEED). This index should be considered as roughly proportional to fitness if seeds from all individuals are similar in their probability of producing a successful seedling. Broad individual variability in seed size suggests that this is unlikely in 0. quadripartita. In general, seed size is a good predictor of the likelihood of seedling establishment success through effects upon germination and seedling vigor (e.g., Kaufmann and McFadden 1960 , Symonides 1978 , Weis 1982 , Dunlap and Barnett 1983 . Seed size may be particularly important in 0. quadripartita, whose seedlings have to survive on their own reserves until haustorial connections are established with a host (up to 1 yr; C. M. Herrera, personal observation). To account for these effects, %SEED values were corrected for differential seed mass, but this pro-duced no modification of results. Accordingly, if seed mass actually accounts for a substantial fraction of variation in the probability of a seed eventually producing a successful seedling, valid inferences can be drawn using %SEED figures as fitness predictors.
Variation in dispersal success and total fruit production, the two factors most directly affectingo/oSEED, is not readily explained by the "conventional" variables examined here. Regression analyses for dispersal success (RDS) show the influence, discussed above, of mean standing crop, slope of the O / o spoiled vs. standing crop regression, fruit size, and pulp mass (in decreasing order of importance). These variables account for only 29.2% of individual variation in RDS. Flower number, length of flowering, and plant size account for 50.7% of variation in total fruit production (TFN). Unknown sources account for as much as 70.8 and 49.3% of RDS and TFN variation, respectively, thus demonstrating that the variables considered are fairly poor predictors of dispersal rate. Unexplained variation should be attributed to random effects or variables not accounted for here (e.g., spatial location relative to simultaneously fruiting plants, Herrera 1984~) .
Variation in %SEED is almost fully explained by variation in total fruit production (TFN, 96.9%), while the role of dispersal success is negligible (RDS, 0.2%). This pattern is strongly consistent from year to year. Accordingly. components of interindividual variation that actually are influential on the probability of dispersal of fruits (RDS) are eventually unimportant in accounting for individual variation in relative contribution to the population's seed output. The overwhelming importance of individual variation in fruit production virtually cancels any influence of rather weak differences in dispersal success; an equivalent statement is that variance in absolute numbers offsets variance in rates. In conclusion, dispersal-related traits, although relevant to dispersal rates, are irrelevant to individual differences in fitness (because dispersal rates are irrelevant to fitness).
In 0. quadripartita, a substantial amount of observed variation in fecundity remains unexplained by the variables considered (including plant size). This may be attributed, at least in part, to its condition of hemiparasite favoring phenotypical canalization by the host (Atsatt 1970b) . Furthermore, age differences may obscure patterns of inherent individual variability in fecundity in perennial species (Piiiero and Sarukhan 1982) because differences in fecundity resulting from "size hierarchies" (Weiner and Solbrig 1984 ) may depend on environmental factors rather than genetic differences (Solbrig 198 1, Dolan 1984, Dolan and Sharitz 1984) . Experiments by Hatgerink and Bazzaz (1984) demonstrate that stochastic events during germination and early establishment actually may override genetic determinants of fitness. The lack of predictable selection against certain genotypes should contribute to the maintenance of genetic diversity and, more importantly, may explain why broad variation in fecundity is so widespread in plant populations in spite of the obvious penalty to the less fecund individuals.
Although individual variation in dispersal-related traits actually results in differential dispersal success of 0. quadripartita plants, these differences are not expected to translate into individual differences in fitness.
The main factor responsible for this conclusion is that individual variability in fecundity far exceeds variability in dispersal rate. (The extreme phenotypical variation exhibited by 0. quadripartita produces only moderate variability in dispersal rates.) Extreme differences in fecundity, such as those found in 0. quadripartita (most often associated with skewed distributions), have been reported for numerous annual and perennial plants in the tropics and elsewhere (e.g., Schaal 1980 , Bullock and Bawa 198 1, Bullock 1982 , Piiiero and Sarukhin 1982 , Bullock et al. 1983 , Schmitt 1983 , Wolfe 1983 , and the phenomenon thus seems to be widespread. If the magnitude of individual variation in dispersal rate is as small as it seems to be (Howe and De Steven 1979 , Howe 1980 , it may not compensate for the large differences in fecundity ordinarily found. The possibility exists, therefore, that previous studies on the ecology of seed dispersal relying on assessment of differential rates rather than differential absolute seed outputs may have been doing little more than analyzing what (under present-day conditions) is just environmental noise from the evolutionary perspective of the plants. For 0. quadripartita, at least, patterns of variation described in detail in this paper appear to be largely noise in the context of potential disperser-mediated evolutionary change. (It must be noted that this "rates-versus-number" problem is not exclusive to seed dispersal research, but may also affect seed predation and pollination studies [De Steven 1983, Schmitt 1983, Zimmerman and Gross 19841.) Many wood species of the Mediterranean flora have not evolved under current ecological conditions, but rather have been selected out of a diverse array of species that evolved in Tertiary environments under a warm, summer-rain, tropical climate (Raven 197 1, 1973 , Axelrod 1975 . 0. quadripartita belongs in this category, and its unusual phenology may be attributed to its tropical relict condition, apparently having changed little since the initiation of Mediterranean conditions in the Pliocene (Herrera 1984b (Herrera , 1985b . Some apparently puzzling dispersal traits of Cneorurn tricoccon (Cneoraceae), another very old Mediterranean taxon, have been also attributed to its being a Tertiary relict evolved in a tropical environment (Miiller 1933: 402) . Furthermore, evidence supporting the constancy, over geological time, of dispersal traits has been presented for other Mediterranean vertebrate-dispersed taxa of Tertiary origin (Laurus, Pistacia) (Her-rera 1986). T h e present study has provided for the first t i m e the elements for an explanation o f t h e persistence over long periods of dispersal traits presumably evolved i n ecologically distant scenarios, very different f r o m current ones in t h e composition o f t h e a n i m a l assemblage with which the plant interacts for seed dispersal.
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